In comparing the incidence of dioecy in North American floras, we report a strong, positive correlation with increasing latitude. Dioecy in the High Arctic is highly correlated with woodiness, as elsewhere. It is significantly correlated with fleshy, zoochorous, fruits, as well documented elsewhere. Correlation with floral inconspicuousness, which we define in terms of attractiveness to pollinators (i.e. functionality to pollination), is weak and statistically insignificant. Published findings on that correlation are equivocal; different authors variously defined inconspicuousness in ways that may or may not reflect functionality in pollination. Although we acknowledge that for some diverse taxa (e.g. Salix spp.) the relative importances of anemophily, zoophily (entomophily) and ambophily are unknown, we assigned species to a) anemophily if evidence for entomophily could not be invoked and b) entomophily if insect pollination was considered possible (i.e. counts for entomophily include possibly ambophilous species). We found no correlation between dioecy and anemophily/entomophily The view that insularity favours establishment of dioecious taxa may be invoked by considering localized and disjoint post glacial colonization. The view that dioecy, as a form of xenogamy, has evolved in response to offsetting the 
It may be suggested that dioecy would not be well represented in Arctic floras because of the perceived lack of insect pollinators and also restricted opportunity for interplant pollen transfer by wind (anemophily). However, it is now known that anthophiles are abundant in the Arctic regions (Mosquin and Martin 1967; Hocking 1968; Kevan 1972 Kevan , 1973 Danks 1978 Danks , 1986 Swales 1979; Tikhmenev 1984; Philipp et al. 1990; Elberling and Olesen 1999; Lundgren and Olesen 2005; Olesen et al. 2008; Franzen and Ockinger 2012; Høye et al. 2013; Schmidt et al. 2016 ) and effective in pollination (Kevan 1972 (Kevan , 1973 Philipp et al. 1990) . Moreover, Fox (1985) noted that the incidence of dioecy increases with northerly latitude in North America, even to the Alaskan north slope. More recently, Godin (2014) notes that 35% of the woody flora of
Siberia is dioecious and that dioecy is correlated with harsh alpine and Arctic conditions there. Fox (1985) considered some of the correlates of dioecy with pollination, seed dispersal and growth form. In particular, he found that the incidence of dioecy increases northward in woody plants, but that floral characteristics (which he equated with pollination mechanism or syndrome) and means of seed dispersal (zoochory vs. Table 1 ) apply to that flora and then discuss if the idea of evolutionary pressure favouring dioecy (incidence of outcrossing) has merit.
Although dioecy is well known in the Arctic flora (Murray 1987) , few studies have quantified its frequency and its relationships between the common correlates.
Dioecy has been studied in the Arctic willows (Salicaceae), primarily in Salix arctica, however the scope of those studies has been broad, including the importance of sex and habitat in gas exchange (Jones et al. 1999) , sex ratios in Salix polaris and S. herbacea (Crawford and Balfour 1983) , stomatal water conductance and the spatial segregation of sexes (Dawson and Bliss 1989), differences in catkin warmth between sexes (Kevan 1990) and growth response with respect to snow precipitation (Schmidt et al. 2010 ).
Studies on dioecy in other Arctic taxa are wanting though it is recorded that some species that are dioecious in southerly locations may tend, in the north, to hermaphroditism (e.g.
Empetrum nigrum) or be single-sexed female agamosperms (e.g. Antennaria spp.) (Porsild 1964 
Methods
To examine the prevalence of dioecy in the flora of the Canadian Arctic
Archipelago as well as the correlates of plant species diversity, plant growth form and mating systems with dioecy we used Porsild (1964) and Nature dataset of the Flora of the Canadian Arctic Archipelago (Aiken et al. 2007 http://nature.ca/aaflora/data accessed 6 January, 2016) to delimit the flora. The data set includes 356 angiosperm species (Supplementary data). We also consulted the floras of Greenland, the circumpolar Arctic and the circumpolar plants for information pertaining to basic floral morphology (Polunin 1959; Hultén 1962; Böcher 1968) . We reviewed modern and older literature to determine breeding and mating systems (Warming 1886; Murray 1987; Richards 1997) , and pollination mechanisms (references in Kevan 1970 Kevan , 1972 Kevan , 1973 (Stelleman and Meeuse 1976) ) may be widespread in the genus (Peeters and Totland 1999, Karrenberg et al. 2002; Culley et al. 2002) . Despite those problems, we categorized the dioecious and non-dioecious species as anemophilous (54 species) or entomophilous with published records or, at least, with characteristics that indicated entomophily (i.e.
floral visitation by insects, not necessarily pollination by insects) could be reasonably considered (255 species) with 47 species as unknown.
We assigned species to the categories herbaceous or woody according to the 
D r a f t

Results
In the Canadian Arctic Archipelago, the incidence of dioecy is 8.1%, i.e. 29 of 356 species. Although that is quite similar to the incidence found in other floras of the world (see Steiner 1988) it seems that the incidence of dioecy increases northward in North America, and is most prevalent in the Arctic floras (Figure 1) , even exceeding the maximum given in Fox (1985) . This correlation is statistically significant (Spearman Rank Correlation Coefficient R s = 0.89; p = 0.019)) for data corresponding to the Carolinas, California, Northeastern United States, Alaska, the Alaskan North Slope and the Canadian Arctic Archipelago. Vamosi et al. (2003) , Vamosi and Vamosi (2004) and Sabath et al. (2016) .
Discussion
Our analysis indicates a significant positive correlation between increasing latitude and the incidence of dioecy. We first address issues to do with plant reproductive strategies, 1) fruiting and fruit dispersal, and 2) floral biology, especially floral conspicuousness and anemophily/entomophily before considering the evolutionary and genetic consequences of woodiness and longevity as factors favouring xenogamy in general and dioecy in particular.
One of the most argued correlates of dioecy is fleshy fruits, or seeds dispersed by frugivores (Bawa 1980; Givnish 1980; Muenchow 1987; Steiner 1988; Thomson and Brunet 1990; Vamosi and Vamosi 2004) . Both Bawa (1980) and Givnish (1980) agreed that fleshy fruits play a causal role in the evolution of dioecy through disproportionate gains in female fitness with an increase in the reproductive effort. In the High Arctic, the association of dioecy with zoochory seems also to apply. Certainly, there are various migratory birds, a few residential birds and some mammals present in the High Arctic and that disperse fleshy fruits. Baker (1984) and Baker and Cox (1984) explained that several seeds being dispersed as a group, through zoochory, to a given place (e.g. islands)
would allow establishment of breeding populations, as dioecy prescribes. The highly Fox's (1985) floral dimensions (inferred improperly to represent pollination syndromes) make a case in point. Muenchow (1987) used floral colour (green vs. not green) to distinguish between conspicuous and inconspicuous flowers, but concluded that green flowers did not distinguish dioecious plants from non-dioecious. Although it is known in general that small, inconspicuous flowers tend to be pollinated by small, generalist insects (Proctor et al. 1996; Willmer 2011) , it is those co-occurring conditions which some researchers have suggested favour the evolution of dioecy. The mechanism proposed whereby dioecy is favoured through constraints in pollination purports that small and generalist flower visitors frequently effect self-pollination, leading to inbreeding depression and so favouring the establishment of xenogamy, including dioecy. Although Renner and Feil (1993) reject that pathway for the tropical flowering plants they surveyed, noting dioecy is well represented in taxa with specialized pollinators and pollination mechanisms, Bawa (1994) counters that view with an explanation of its flaws. The countervailing, yet plausible effect, is that small, pale-coloured, flowers represent the ancestral condition (i.e phylogenetic constraint) of self-compatibility in some plant taxa and that condition favours autogamy and geitonogamy (Lewis 1942; Lloyd 1982) . Our analysis also D r a f t suggests that the association of dioecy with inconspicuous anthia is weak in the High Arctic.
Turning to abiotic pollination, Stebbins (1950: 299-324) stated that the adaptation to anemophily is likely responsible for the evolution of imperfect, monoecious and dioecious flowers, made possible through the reduction of perianth parts (inconspicuousness) and the separation of sexes. Indeed, positive relationships have been documented between anemophily and dioecy in flowering plants (Kapland and Mulcahy 1971; Freeman et al. 1980; Muenchow 1987; Steiner 1988; Vamosi and Vamosi 2014) .
Environmental conditions that allow for anemophily include clumped distributions of plants, definitive physical cues (seasonality to diel periodicities in microclimate), and opportunities for pollen to move rapidly (Whitehead 1983; Culley et al. 2002; MontoyaPfieffer et al. 2016 ). Those same conditions, which occur in almost all environments including the Arctic, would then also favour diocey via the sort of evolutionary pathway invoked by Stebbins (1950) . The lack of correlation we report between anemophily and dioecy in the High Arctic seems neither to support not detract from Stebbins' (1950) evolutionary ideas. Anemophily and dioecy are probably taxonomic synapomorphies successfully carried into the High Arctic in Holocene time following deglaciation.
We conclude that the proposed relationship between inconspicuousness of flowers and dioecy does not apply in the Arctic. The sizes, colours, scents etc. of individual flowers are not indicators of conspicuousness to pollinators which respond to anthia in floral displays. The abundance or sizes, or both together, displayed by anemophilous inflorescences (i.e. conspicuousness to air currents) reflect both male and female function.
D r a f t
The strong positive relationship between above-ground woodiness and dioecy in the High Arctic (and other harsh, northerly environments (Fox 1985; Godin 2014) ) is remarkable. One may ask why that is so, and why the converse of disproportionate paucity of dioecy in geophytes and hemicryptophytes is evident. Steiner (1988) , and others, noted that the association between dioecy and woodiness may be related to plant size and particularly to longevity. He states, as Stebbins (1958) and Maynard Smith Steiner (1988) , Richards (1997) , Vamosi et al. (2003) , Vamosi and Vamosi (2004) and Sabath et al (2016) note taxonomic bias in correlates with dioecy. Previous D r a f t reviews, as cited, on the incidence of dioecy do not make phylogenetic comparisons with other breeding systems, especially those that promote xenogamy, and so this shortcoming remains for further study.
Dioecy is a breeding system that favours xenogamy no matter the nature of the pollen vectors. It seems to have evolved in various floras as a response to offset the adverse consequences of inbreeding and that seems to apply just as well, if not better, under High Arctic conditions as elsewhere. Xenogamy promoted by other breeding systems (dichognamy, herkokamy, heterostyly, and self-incompatibility (Warming 1886; Kevan 1970 Kevan , 1972 Kevan , 1973 Murray 1987; Grundt et al. 2005) ) is not as well represented in the Arctic as elsewhere, but surveys and reviews are wanting. In some Arctic plants, breeding systems favouring xenogamy have been, or may have been, lost (e.g.
Antennaria spp. are agamospermous (Porsild 1964) ; Empetrum nigrum seems to favour hermaphroditism in northern parts of its range (Porsild 1964) ; Primula spp. and Silene spp. in the Arctic seem to be homostylous (Philipp et al. 1990 ), but loss of heterostyly in Arctic populations of Menyanthes trifoliata has been questioned (Oleson 1987) ; the incidence of autogamy seems to vary geographically in some species such as Saxifraga oppositifolia and Dryas integrifolia (Kevan 1972; Philipp et al. 1990) ; and production of vegetative propagules is well known in some Arctic taxa (χ2) and probability values that the Null Hypothesis that the correlate is proportionately equally represented in dioecious and non-dioecious species in the flora of the Canadian High Arctic. FIGURE 1. Rank correlation of the relationship between latitude and the incidence of dioecy (including female unisexuality in Antennaria spp., a genus that is usually dioecious) in North America from South to North for Carolinas, California, Northeastern USA, boreal Alaska, Alaskan north slope and the Canadian Arctic Archipelago (Supplementary Data).
Supplementary Data. Listing of the plant species, by Family, considered for the incidence of dioecy, woodiness and herbaceousness, floral/anthial conspicuousness, pollination mechanism, and nature of the fruits (fleshy or dry). The assigned categories used in Table 1 . Nomenclature follows that in Aiken et al. (2007) . D r a f t 
